Abstract
Background
Maternal mortality remains a global public health concern and part of the agenda for sustainable development. An increasing concern of dying mothers lead to the promulgation of the Millennium Developmental Goals (MDG) in year 2000 (WHO). The fifth MDG target was to reduce maternal mortality by 75% by year 2015. 1 The global maternal mortality decreased to 210 deaths per 100 000 live births between 1990 and 2013 with Sub-Saharan Africa lagging behind with a maternal mortality of 510 deaths per 100 000 live births and contributing 42% of the global deaths. 2 Following uncertainties in meeting the 5 th MDG target in 2010, the Commission on Information and Accountability of the Global Strategy for Women's and Children's Health recommended the implementation of an accountability framework. This framework adopted by countries was based on national oversight, accurate and comprehensive monitoring of results, regular multi-stakeholder review of data and
MDSR system in zimbabwe
In Zimbabwe, the MDSR system was adopted in 2013 alongside the new socio-economic policy framework, Zimbabwe Agenda for Sustainable Socio-Economic Transformation (Zim Asset). This followed the countries unified efforts towards maternal mortality reduction. The adopted system entails identifying maternal deaths, reporting and response from community to national level. The cascade of events in this system is triggered by a maternal death at any level as shown in Figure 1 . Following a community maternal death, a team from the immediate health facility carries out an investigation. A confirmed maternal death is notified to the next level by phone within 48 hours. Notification of deaths to the provincial medical directorate is done within fourteen days by completing the maternal death notification form in triplicate and forwarding two copies. Of the two copies sent to the Provincial Medical Directorate, one is forwarded to the Ministry of Health and Child Care (MOHCC) Head Office. The maternal death review committee reviews all the maternal deaths at district level. Confidentiality is maintained through the reviews, no names are used and no blame. At each level, there is feedback and dissemination of information. Case specific recommendations are made during maternal death audits. Periodic monitoring and evaluation of the response is done at each level of care.
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An analysis of the MDSR system in Sanayti District (2015-2016), showed that: five deaths out of twenty-five had been timely notified (within two weeks) and the surveillance system had missed four maternal deaths. Furthermore, not all recommendations were implemented following the maternal death audits. Reasons for non-compliance to the MDSR system remained obscure. We evaluated the system to determine if it was serving its intended purpose.
Methodology

Study design
We conducted a descriptive cross sectional study using the CDC updated guidelines for evaluating public health surveillance systems and the MDSR technical guidelines. 4 
Study site
The study was done in Sanyati District, which is one of the seven districts in Mashonaland West Province, Zimbabwe. The districts population is 215 842. The district has two referral centres, Kadoma General Hospital located in Kadoma in the southern end of the district and Sanyati Mission Hospital located 110 kilometres from Kadoma in a Western direction. Amongst the twenty-six health facilities are, 16 rural health centres, five local authority clinics and two mine clinics. Kadoma General Hospital offers a full package of comprehensive emergency obstetric and newborn care. The population to clinic ratio ranged from 2 481 to 27 439 people per clinic. Women of childbearing age were 56 119 as of January 2017. Pregnant women were 10 792 (5%) with8 634 expected deliveries per year.
Study subjects and sample size
The study population was all health workers involved in maternal death surveillance and response and the community representativesin Sanyati District. The total population involved in MDSR was 230 health workers. We conveniently enrolled 216 health workers into the study. All the 25 maternal death notification forms completed between 2015-2016 in Sanyati District were also reviewed.
Study variables
Among the variables we studied were: usefulness of the system, health worker knowledge, cost of running the system and system attributes (simplicity, data quality, acceptability, representativeness, timeliness, and stability).
Data collection and analysis
Data were collected using pretested interviewer administered questionaires, key informant interviews, focused group discussion and records review. Quantitative data was analysed using Epi Info 7.2.0.1 TM (CDC, 2012) and frequencies, medians and proportions were generated. Qualitative data was analysed using Word Cloud software and a word cloud was generated.
Ethical considerations
We obtained written informed consent from all participants. Permission to proceed was obtained from the Ministry of Health and Child Care and the Health Studies Office.
Results
Demography
Two hundred and sixteen respondents were interviewed as primary participants. The majority were nurses214 (99%). The median years working in Sanyati District was 8 (Q1=3; Q3=11) years whilst the median years in service was 8 (Q1=7; Q3=17.5) years for the health workers.The demographic characteristics of respondents are shown in table 1.
Health worker knowledge
The health worker knowledge on maternal death notification and basic definitions was assessed using a battery of five questions. Twenty-seven percent (n=54) and 127(62%) respondents correctly defined a woman of reproductive age and maternal death respectively. The majority of the staff 185(89%) knew the timeline for notifying a maternal death. Presented in table 2 is an assessment of the health worker knowledge.
System attributes Usefullness
The usefullness of the MDSR system was assessed focusing on whether the health workers were using case notification data and what they were using it for.Eighty percent (n=138) of respondents reported analyzing and using the information for monitoring maternal mortality trends. Ninety-two respondents (53%) reported action being taken following analysis of the information at district level. The training of 41 nurses in emergency obstetric and neonatal care, deployment of nurse midwives in female wards and deployment of nurse midwives to the three furthest rural health facilities was part of the action implemented following analysis of the collected information. Thirty-one percent health workers indicated sharing information with stakeholders in the form of health education, meetings and written reports. All the minutes and reports for the 25 maternal deaths were available. Health workers and clients seeking care at the facilities were the stakeholders involved in information dissemination. There was no involvement of local stakeholders such as village health workers, community representatives and business people in the community. Ninety-two (47%) reported receiving feedback from the District Health Executive among these, 179(83%) reported using the feedback reports. All the health workers (100%) reported that the system should remain in place while 204(98%) percieve the system to be useful. An assessment of the systems usefulness is shown in table 3.
Simplicity
A panel of five questions was used to assess simplicity of the system. Forty-eight (24%) reported having ever completed a maternal death notification form whilst eight (17%) of the respondents reported facing difficulties during the notification process. Difficulties were encountered in classifying the death as either avoidable or not avoidable. The reported average time to complete the maternal death notification form was 60 minutes. The need for specialised training was cited by 162(79%) while 139(68%) reported to be confident to complete a maternal death notification form. Sixty-two percent (n=91) reported easy access to case information. An assessment of the simplicity isshown in table 3.
Data quality, acceptability, timeliness and representativeness
Of the 25 maternal death notification forms analysed, completeness was 100%. All fields were clear and easy to read. All 216 respondents interviewed completed all questions successfully without question refusal. Ninety-four percent were willing to notify a maternal death while 210 (97%) were willing to participate in maternal death review meetings. Nonetheless 163(78%) felt that there was confidentiality during conduction of maternal death audits. Hundred and twenty-two (59%) reported that there was no blaming of individuals during maternal death audits while 62(30%) reported blaming of individuals and 23(11%) felt there was some blame at times. Five of the 25 deaths were notified and reviewed on time (within seven days) of the maternal death. Fifty-nine percent (n=123) health workers reported that, not all community deaths were being picked by the surveillance system. Sixty-two percent of the health workers reported having enough time to complete the maternal death notification forms.
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Stability
Forty-eight (23%) of the health workers were trained in maternal death notification. Seventy-two (34%) workers were trained in emergency obstetric and neonatal care, which is an intergral part in response to maternal mortality reduction.The completed maternal death notification forms were secured in lockers at all the centers. Maternal death notification forms were readily available and no stock outs were recorded.
Maternal death audits analysis and recommendations
Twenty-five maternal deaths were analysed using word cloud. The qualitative analysis of maternal death audits, recommendations and response is shown in Figure 2 . First and second delays prolonged the time needed to institute interventions for the patients. Staff shortages at the referral hospital particularly doctor and nurse shortages were linked to maternal deaths. Postpartum haemorrhage was a common cause of maternal deaths. Delayed cross matching and transfusion of blood to patients by on call laboratory personnel was noted to be linked to maternal deaths. Most of the deaths (21/25) were classified as avoidable. Among the recommendations of the audits was prioritization of blood and iv fluids for maternity cases. Team work in managing patients by on call health workers was recommended as part of an effective response strategy.
Focused group discussion outcomes
A focused group discussion was conducted in rural Sanyati. The group was made up of four headmen, three village health workers, three councillors and three chief's representatives. The following concerns were highlighted during the focused group discussion.
a) The chief's council confirmed that community maternal deaths were occurring because of miscarriages and other complications of pregnancies. b) Home deliveries were occurring in the communities as reported by village health workers and herdmen. c) The cost of booking and delivery which was reported to be USD$7 and USD$32 respectively were among the barriers to seeking medical care among pregnant women. d) Staff attitudes were also a barrier to seeking care at Sanyati Mission Hospital such that the community prefered to seek help from traditional healers and apostolic churches. e) Doctors were not readily available and there was a high turnover of the same at Sanyati Mission Hospital. f) Clients were made to pay consultation fees and referred elsewhere to buy medication. g) There was lack of support for the village health workers by the existing health system. h) There was no involvement of the local leadership and community in health issues of the district. Some of the pertinent issues recorded during the focused group discussion are quoted as follows: 
English translation
The hospital has become a burden for the community, they delay offering medical care for the community and pregnant mothers.
Direct resources used to operate the system
The Government of Zimbabwe and partners through the MOHCC provide the resources for operating the MDSR system. At Sanyati Mission Hospital, there was one doctor instead of three as per establishment, no blood bank, no theatre nurse and no functioning ambulance. The doctor, midwife and nurse to population ratio was two, 42 and 74 per 100 00 population respectively.
Cost of auditing and notifying a maternal death
Assuming a nurse's basic salary of USD$300 per month and 180km being the distance of the furthest clinic from the district offices, the total cost of running the system per institutional maternal death notified was USD$246.09. This was calculated from the time taken for data collection, notification and report writing which was assumed to be 60 minutes per case, call charges of USD$0.09 per minute assuming a maximum of 15 minutes required to convey all case information. Fuel costs for sending maternal death notification form and a health worker to attend maternal death review meeting at the district hospital on separate days was taken into consideration.
Discussion
This descriptive cross-sectional study sought to determine the performance of the MDSR system in Sanayti District 2017.The use of information from this system in monitoring maternal mortality trends indicates acceptability of the system to the users. Had the users not accepted the system this would be reflected by none use of the information generated by this system. Use of information generated by the system is a proxy to the usefulness of the system. However, action was taken in about half of the scenarios. This finding could be explained by the lack of resources to implement response strategies as was highlighted by the key informants. The lack of a laboratory at Sanyati Mission could have affect the implementation of recommendations following maternal death audits.
The proportion reporting sharing information with stakeholders was low (31%). This could be attributed to nonexistence of a health center committee in Sanyati rural. Focused group discussion findings also highlighted non-involvement of the community representatives and stakeholders. Information concerning the systems performance was shared among health personnel and not shared with the stakeholders. Village health workers also shared their concerns of non-support by the health professionals at the health facilities. The community and respondents were concerned about the lack of feedback on the systems performance from the district health executive. The lack of feedback could be due to competing priorities for the health workers and non-existence of communication channels between the health system and the community. Non involvement of the community and stakeholders in the system and bad health worker attitudes have seen the community resorting to unsafe practices as indicated by the chief's council.
Most of the respondents could not define a woman of reproductive age which is a woman of age 15 to 49 years. Failure to define this term implies a weakness in the surveillance system, as the workers are not aware of the target group for surveillance of maternal deaths. Not knowing the definition of a maternal death may result in misclassification of deaths and misdirected use of resources. Although forty-eight (24%) respondents reported having ever completed a maternal death notification form, this does not reflect the simplicity of the system. This low proportion is explained by the fact that maternal deaths are rare events hence we expect to have a lower proportion that should have ever completed a form. The difficult area of concern in the notification process was classification of the maternal death as either avoidable or not avoidable.
All the 25 maternal death notification forms were complete and legible. The completeness of the death notification forms is a proxy to the acceptability and simplicity of the system. Had this system been unacceptable and complicated, there could have been incompleteness of the maternal death notification forms. There was no question refusal and no dropouts for all the respondents interviewed, hence implying that the system was acceptable to the users. Acceptability of the system is shown by the majority of respondents who reported willingness to notify deaths (94%) and 97% willingness to continue attending maternal death audits. Nonetheless 163 (78%) reported that confidentiality was maintained during maternal death audits. Health worker confidentiality was difficult to maintain owing to the few health workers at a station such that it would be difficult to maintain confidentiality. Blaming of individuals during conduction of maternal death audits was a concern and reported by 41% of the respondents.
Fifty-nine percent of the health workers reported that; not all community maternal deaths were reported. Among the reasons highlighted were the existence of some religious groups that did not allow their followers to seek health care. The surveillance system was not readily available to capture maternal deaths at community level. The stability of the response component was threatened by lack of resources and expertise. The World Health Organisation (WHO) recommends 10 doctors, 20 midwives and 20 nurses per 100 000 populations. 5 Using the WHO guide, the number of doctors in the district were not adequate. Although the ratios for nurses is above the recommended, there is still inadequate and inefficient distribution of the available human resources to the peripheral health centres. Taking into account the district's population of 215 842 and the available health facilities, there is still an unmet need for healthcare facilities. The lack of facilities that provide a full comprehensive emergency obstetric and new born care package results inwomen succumbing to birth related complications. The high population to clinic ratio leads to attrition of health workers and resources thereby compromising the quality of care delivered. The accessibility of roads linking health centres has resulted in delays in transferring patients there by leading to poor outcomes.
The total cost of USD$246 for notifying a single maternal death is justifiable considering the severity of the health event under surveillance. However, this cost will be reduced markedly following full implementation of the electronic notification of maternal deaths that is being piloted.
Limitation of the study
Inadequate time and resources limited our ability to comprehensively evaluate the response component of the MDSR system.
Conclusions
Following triangulation from several sources, we conclude that the system was useful, not costly, acceptable and simple. However, it was unstable, untimely and not representative. These findings may be attributed to non-involvement of the community and stakeholders, lack of resources and lack of training.
Recommendations
We recommend conducting a before and after study to determine effectiveness of community involvement in reporting maternal deaths. We also endorse the introduction of the MDSR system component in nurse midwifery training sin order to strengthen case detection and notification. We also recommend increasing posts for health workers involved in the MDSR system and establishing a blood bank at Sanyati Mission Hospital. 
